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Escherichia coli HQGRWR[LQ LQGXFHG PDVWLWLV $GGLWLRQDOO\ WKH PLFURELRWD LQ PLON
VDPSOHVFROOHFWHGGLUHFWO\IURPWKHXGGHUTXDUWHUZHUHFRPSDUHGWRWKDWIRXQGRQWKH
VNLQRI WKH WHDW HQGDQG LQ WKH WHDW FDQDO DVZHOO DV LQXGGHUTXDUWHU FRPSRVLWHPLON
FROOHFWHGIURPWKHPLONLQJPDFKLQH
7KH UHVXOWV VKRZHG WKDW XGGHU TXDUWHU FRPSRVLWH PLON FDQQRW EH XVHG DV D
UHSUHVHQWDWLYH VDPSOH WR VWXG\ WKHPLFURELRWD LQ WKH XGGHU DV WKH FRPSRVLWLRQ RI WKH
PLFURELRWDLQWKHVHVDPSOHVGLIIHUHGVLJQLILFDQWO\IURPWKHPLFURELRWDLQPLONFROOHFWHG
GLUHFWO\IURPWKH WHDW0RUHRYHU WKHPLFURELRWD IRXQGRQ WKH WHDWHQGDQG LQ WKH WHDW
FDQDO GLIIHUHG VLJQLILFDQWO\ IURP WKHPLFURELRWD LQPLON'HVSLWH D FDUHIXO DQG VWHULOH





WKH YDULDWLRQ RIPLFURELRWD RYHU WLPH DQG GXULQJEscherichia coli HQGRWR[LQ LQGXFHG
PDVWLWLV
7KH RYHUDOO FRQFOXVLRQ LV WKDW FRQWDPLQDWLRQ IURP VDPSOH SURFHVVLQJ KDG VXFK D











,GpQ RP HQ EDNWHULHIORUD HQ PLNURELRWD L PM|ON VRP KDU WLOO XSSJLIW DWW LQRNXOHUD
DYNRPPDQVWDUPDUI|UHQElWWUHVWDUWLOLYHWlUXUHWWHYROXWLRQlUWSHUVSHNWLYEULOMDQW'HW
KXYXGVDNOLJD V\IWHW PHG GHQQD DYKDQGOLQJ YDU DWW XQGHUV|ND KXUXYLGD HQ VnGDQ
EDNWHULHIORUDILQQVLPM|ONIUnQIULVNDNRURFKEHVNULYDIDNWRUHUVRPSnYHUNDUGHQ
3ULPlUW DQYlQGHV VHNYHQVHULQJ DY6 U51$JHQHQ I|U DWW VWXGHUDPLFURELRWDQGn
GHQQDPHWRGJ|UGHWP|MOLJWDWWLGHQWLILHUDDOODEDNWHULHUVRPILQQVLHWWSURY%DNWHULH







5HVXOWDWHQ YLVDGH DWW HWW VDPOLQJVSURY DY PM|ON IUnQ HQ MXYHUGHO LQWH XWJ|U HWW
UHSUHVHQWDWLYW SURY I|U DWW VWXGHUDPLNURELRWDQ L MXYUHW0LNURELRWDQ L VDPOLQJVSURYHW
VNLOGH VLJ VLJQLILNDQW IUnQ PLNURELRWDQ L SURY WDJQD GLUHNW IUnQ MXYHUGHOHQ YLONHW
VDQQROLNWEHURUSnDWWEDNWHULHUVRPIDQQVLPM|ONQLQJVPDVNLQHQWLOOI|UGHV9LGDUHYDU
PLNURELRWDQSnVSHQVSHWVHQRFKLVSHQNDQDOHQVLJQLILNDQWVNLOGIUnQPLNURELRWDQLPM|ON




LQNOXGHUDGH VWXGLHUQD (WW VDPEDQG PHOODQ EDNWHULHOO ELRPDVVD RFK SnYHUNDQ DY















$OOW MDJ lOVNDU DWW lWD NRPPHU IUnQ HQ NR -DJ lOVNDU DWW L GHQ VYDOD IULVND
YnUNYlOOHQ K|UD InJHOVnQJHQ NlQQD OXNWHQ IUnQ VOnQElUVEXVNDUQD OMXGHW IUnQ
EHWDQGH NRPXODU HWW VWDPS RFK HQ VYDQVYLIWQLQJ .lQQD JOlGMHQ L DOOW VRP
YDNQDUWLOOOLY/XWDKXYXGHWPRWHQYDUPNRVRPWDJLWSDXVI|UDWWLGLVVODNlQQD



























“I refuse to prove that I exist,” says God, “for proof denies faith and without 
faith I am nothing.” 
“But,” says Man, “the Babel fish is a dead giveaway, isn’t it? It could not have 
evolved by chance. It proves that You exist, and so therefore, by your own 
arguments You don’t. QED.” 
“Oh dear,” says God, “I hadn’t thought about that.” and promptly vanishes in 























































WKH GDWD LQWHUSUHWDWLRQ DQG ZURWH WKH PDQXVFULSW ZLWK UHJXODU LQSXW IURP
VXSHUYLVRUV
,, 3HUIRUPHG WKH SUDFWLFDO SUHSDUDWLRQV IRU WKH DQLPDO H[SHULPHQW WKH
FROOHFWLRQ RI PLON VDPSOHV DQG EDFWHULDO FXOWXULQJ 3HUIRUPHG WKH '1$
H[WUDFWLRQDQGDPSOLFRQOLEUDU\SUHSDUDWLRQDVZHOODVFUHDWHGWKHEDFWHULDO
PRFNFRPPXQLW\3HUIRUPHG WKHGDWD DQDO\VLVSUHVHQWHG WKH LGHDRIGDWD





























*HQH 6HTXHQFH RI QXFOHRWLGHV WKDW HQFRGHV WKH V\QWKHVLV RI D JHQH
SURGXFW
/36 /LSRSRO\VDFFKDULGHV DQ HQGRWR[LQ IURP WKH FHOO ZDOO RI
Escherichia coli
0LFURELRPH *HQRPHVRIWKHRUJDQLVPVRIWKHPLFURELRWD
0LFURELRWD &RPPXQLW\ RI PLFUREHV ZLWKLQ D KDELWDW :LWKLQ WKLV WKHVLV

































WKH %LEOH *HQHVLV  LW VD\V WKDW $EUDKDP VHUYHG FXUGV DQGPLON WR KLV
YLVLWRUV7KHVHFXUGVDUHDVVXPHGWREHFKHHVHFXUGVRUSRVVLEO\\RJKXUW0XFK
ODWHU 3OLQ\ WKH (OGHU $'  ZURWH DERXW EDUEDURXV QDWLRQV WKDW ZHUH
LJQRUDQWRIPDNLQJFKHHVHEXW³\HW WKH\XQGHUVWDQGKRZWR WKLFNHQPLONDQG
IRUP WKHUHIURPDQ DFULGNLQGRI OLTXLGZLWK DSOHDVDQW IODYRXU´ 3OLQ\ et al.
 7KH 6ZHGLVK VFLHQWLVW &DUO /LQQDHXV GHVFULEHG LQ ³)ORUD /DSSRQLFD´
SXEOLVKHG LQKRZ\RJKXUWZDVFUHDWHGE\SRXULQJPLONRYHU WKH OHDYHV
IURPWKHEXWWHUZRUWSODQWPinguicula vulgaris)7KHVHDUHH[DPSOHVRIZULWWHQ
HYLGHQFHWKDWPDQNLQGKDVEHHQXVLQJEDFWHULDWRSURFHVVDQGRUSUHVHUYHGDLU\
SURGXFWV IRU D YHU\ ORQJ WLPH +RZHYHU LW ZDV QRW XQWLO  WKDW 6WDPHQ
*ULJRURYGLVFRYHUHGLactobacillus bulgaricusLQ\RJKXUWDQGLWEHFDPHHYLGHQW
WKDWLWLVEDFWHULDWKDWFDXVHVWKHWKLFNHQLQJDQGSUHVHUYDWLRQRIPLON
7KH HIIHFW RI EDFWHULD LQ PLON KDV QRW DOZD\V EHHQ EHQHILFLDO 7KH ILUVW
UHFRUGHGFDVHRIPDPPDU\JODQGLQIHFWLRQLQZRPHQFRPHVIURPWKH3HUVLDQ
4XHHQ$WRVVDZKR OLYHG IURP%&%&4XHHQ$WRVVD VXIIHUHG IURPD
ERLO XOFHU VZHOOLQJ RU DEVFHVV GHSHQGLQJ RQ WUDQVODWLRQ LQ KHU EUHDVW WKDW
VSUHDGEXWVKHZDVFXUHGE\WKH*UHHNSK\VLFLDQ'HPRFrGHV6DQGLVRQ
7KHFRUUHODWLRQEHWZHHQEDFWHULD DQGPDVWLWLVZDVGLVFRYHUHGE\1RFDUGDQG


















WKLV LGHDKDVEHHQFKDOOHQJHGZKHQVHTXHQFLQJ WHFKQLTXHVKDYHEHHQXVHG WR






WKH KHDOWK DQG ZHOOEHLQJ RI PDPPDOV IDFLOLWDWLQJ XSWDNH RI QXWULHQWV DQG
SURYLGLQJ WKH KRVW ZLWK YLWDPLQV HWF &RQVHTXHQWO\ HVWDEOLVKLQJ WKH JXW
PLFURELRWDLVDKLJKO\LPSRUWDQWHYHQW0LONLVSURGXFHGLQRUGHUWRSURYLGHWKH





7KH ERYLQH XGGHU FRQVLVWV RI IRXU LQGLYLGXDO WXEXORDOYHRODU JODQGV WKDW DUH
ODUJHO\LQGHSHQGHQWRIHDFKRWKHU7KHQXPEHURIJODQGVSHUWHDWRUQLSSOHYDULHV
EHWZHHQVSHFLHV UDQJLQJIURPRQHSHU WHDW LQERYLQHVFDSULQHVDQGRYLQHV WR
LQKXPDQV6MDDVWDG et al.,QERYLQHVWKHJODQGVRQWKHULJKWDQG
OHIWVLGHDUHVHSDUDWHGIURPHDFKRWKHUDQGDWWDFKHGWRWKHERG\E\VXVSHQVRU\
OLJDPHQWV 7KH IURQW DQG UHDU JODQGV RQ HDFK VLGH DUH DOVR VHSDUDWHG E\
FRQQHFWLYHWLVVXH
0LON LV SURGXFHG E\ PDPPDU\ HSLWKHOLDO FHOOV WKDW DUH RUJDQLVHG LQWR










7KH PDPPDU\ HSLWKHOLDO FHOOV DUH FRQQHFWHG WR WKH EDVDO ODPLQD DQG WR
DGMXQFW HSLWKHOLDOFHOOV7LJKW MXQFWLRQVEHWZHHQFHOOVSUHYHQWV WKH WUDQVIHURI
FRPSRQHQWVIURPEORRGWRPLONDQGvice versaIRUPLQJWKHVRFDOOHGEORRGPLON
EDUULHU ,Q WKH FDVH RI LQIODPPDWLRQZKHQ LPPXQH FHOOV DUH UHFUXLWHG WR WKH




QHUYHV DQG VPRRWK PXVFOHV 7KH VPRRWK PXVFOHV DUH LQYROYHG LQ WKH PLON
HMHFWLRQUHIOH[7KHPLONHMHFWLRQUHIOH[LVDQHXURHQGRFULQHUHIOH[WKDWVKLIWV
PLONIURPWKHDOYHRODUFRPSDUWPHQWWRWKHXGGHUFLVWHUQDQGWKHUHE\PDNHPLON
DYDLODEOH IRU UHPRYDO WKURXJK VXFNOLQJ RU PLONLQJ ,W LV LQLWLDWHG E\ VHQVRU\
VWLPXOL DQG OHDGV WR WKH UHOHDVH RI R[\WRFLQ DQG ZKHQ R[\WRFLQ UHDFKHV WKH
VPRRWKPXVFOHFHOOVLQWKHXGGHUWKH\FRQWUDFW%HFDXVHRIGLIIHUHQWRULHQWDWLRQ
RI WKH PXVFOH FHOOV WKLV OHDGV WR DQ LQFUHDVHG SUHVVXUH LQ WKH DOYHROL DQG D
GHFUHDVHGUHVLVWDQFHLQWKHPLONGXFWVDQGWHDWFDQDODQGPLONLVSXVKHGWRZDUGV
WKHXGGHUFLVWHUQDQGWHDW:LWKRXWWKHPLONHMHFWLRQUHIOH[DSSUR[LPDWHO\RQO\
 RI WKH PLON VWRUHG LQ WKH XGGHU LV DYDLODEOH IRU UHPRYDO 7DQþLQ 	
%UXFNPDLHU
0LONLVHYDFXDWHGIURPWKHJODQGYLDWKHWHDWFDQDO7KHWHDWFDQDOLVHQFLUFOHG
ZLWK VPRRWKPXVFOH FHOOV NHHS WKH FDQDO FORVHG EHWZHHQPLONLQJV 6WUDWLILHG
VTXDPRXV HSLWKHOLXP LQ WKH WHDW FDQDO SURGXFHV DQWLEDFWHULDO NHUDWLQ WKDW
WRJHWKHU ZLWK WKH FLUFXODU VPRRWK PXVFOHV SUHYHQWV PLFURRUJDQLVPV IURP














PLON LV DURXQG  SURWHLQ  ODFWRVH  IDW DQG  ZDWHU -HQNLQV 	
0F*XLUH$SSUR[LPDWHO\RIWKHSURWHLQLQPLONLVFDVHLQVDQGWKH






















RIDEDFWHULDO LQIHFWLRQEXW LWFDQDOVREHFDXVHGE\YLUXVHV IXQJLDOJDHDQG
WUDXPD5DGRVWLWV et al.:HOOHQEHUJ et al.7KHLQIODPPDWRU\VWDWXV
RIWKHXGGHUFDQEHHYDOXDWHGE\PHDVXULQJLQIODPPDWRU\LQGLFDWRUV,QIHFWLRQ
FDQRQO\EHGLDJQRVHGE\EDFWHULRORJLFDOH[DPLQDWLRQRIWKHPLONVHHFKDSWHU
0DVWLWLV LVFDWHJRULVHGDVFOLQLFDO ZLWKYLVXDO VLJQVRI LQIODPPDWLRQRU
VXEFOLQLFDOZLWKRXWYLVXDOVLJQVRILQIODPPDWLRQ,')
0DVWLWLVLVRQHRIWKHPRVWSUHYDOHQWDQGFRVWO\GLVHDVHVLQGDLU\SURGXFWLRQ
OHDGLQJ WRGHFUHDVHGPLONSURGXFWLRQ DQG LQ FOLQLFDOPDVWLWLV LW DOVR LPSDLUV
DQLPDOZHOIDUHDQGKHDOWK+RJHYHHQ et al.
7KHUH LVDZLGH UDQJHRI LQIODPPDWRU\ LQGLFDWRUV WKDWFDQEHPHDVXUHG LQ
PLONVRPDWLFFHOOFRXQW6&&LVWKHPRVWUHOLDEOHDQGPRVWFRPPRQO\XVHG
7KHWHUP6&&GHQRWHVWKHFRQFHQWUDWLRQRIERG\FHOOVLQFRQWUDVWWREDFWHULDO
FHOOV SUHVHQW LQ PLON ,Q ERYLQH PLON LW FRQVLVWV PDLQO\ RI OHXFRF\WHV










DV PDVWLWLVFDXVLQJ EDFWHULD RI WKH ERYLQH PDPPDU\ JODQG :DWWV 
%DFWHULDUHVSRQVLEOHIRULQWUDPDPPDU\LQIHFWLRQVDUHODUJHO\VHSDUDWHGE\WKHLU






GHJUHHV RI VHYHULW\ Staphylococcus aureus, RQ WKH RWKHU KDQG LV D W\SLFDO
H[DPSOHRIDFRQWDJLRXVO\VSUHDGEDFWHULDLWLVRIWHQLVRODWHGIURPVNLQDQGLI
LW HQWHUV WKH PDPPDU\ JODQG LW LV QRW XQFRPPRQ WKDW LW FDXVHV FKURQLF
VXEFOLQLFDOLQIHFWLRXVPDVWLWLV:LWKLQWKHPDPPDU\JODQGS. aureusKDVEHHQ
IRXQG LQ WKH DOYHROL DQG ZLWKLQ WKH LQWHUVWLWLDO WLVVXH +HQVHQ et al. 




FXOWXUHLQGHSHQGHQW PHWKRGV &XOWXUHGHSHQGHQW PHWKRGV GHPDQG D OLYLQJ
EDFWHULDOFHOOZKLOHFXOWXUHLQGHSHQGHQWPHWKRGVXWLOLVHWKHEDFWHULDO'1$)RU
FXOWXUHGHSHQGHQWPHWKRGV WLPHXQWLO FXOWXULQJ DQGKDQGOLQJRI VDPSOHV FDQ
DIIHFW WKH UHVXOWVDV WKHEDFWHULDOFHOOVPXVWEHDOLYH)RUFXOWXUHLQGHSHQGHQW
PHWKRGV'1$IURPWKHFHOOPXVWILUVWEHH[WUDFWHGDQGPDGHDFFHVVLEOH:KHQ
H[WUDFWLQJ'1$FHOOGLVUXSWLRQRUFHOOO\VLVLVDFULWLFDOVWHSFHOOVFDQEHO\VHG
PHFKDQLFDOO\ FKHPLFDOO\ RU HQ]\PDWLFDOO\ 2IWHQ VHYHUDO GLIIHUHQW O\VLQJ
PHWKRGVDUHXVHGLQWKHVDPHSURWRFROHLWKHUVLPXOWDQHRXVO\RUDIWHUHDFKRWKHU















IRUPLQJ XQLW FIX RQ WKH DJDU SODWH WKDW FDQ EH GLVWLQJXLVKHG EDVHG RQ LWV
DSSHDUDQFH7\SLQJFDQEHPDGHEDVHGRQWKHEDFWHULDOFDSDFLW\WRPHWDEROL]H
GLIIHUHQWVXJDUV*UDPVWDLQLQJSURSHUWLHVRURWKHUPHWKRGV0DGLJDQ
0DWUL[DVVLVWHG ODVHG GHVRUSWLRQLRQL]DWLRQ WLPH RI IOLJKW 0$/',72)
PDVV VSHFWURPHWU\ LV D FRPPRQO\ XVHG PHWKRG WR W\SH GLIIHUHQW EDFWHULD
&RORQLHVIURPDQDJDUSODWHDUHVSUHDGRQDPDWUL[DQGDUHYDSRUL]HGZLWKDODVHU
EHDP FKDUJHG PROHFXOHV ZLOO WKHQ EH FDXJKW DQG FRQYH\HG LQ DQ
HOHFWURPDJQHWLF ILHOG7KH WLPH LW WDNHV IRU WKHPROHFXOH WR UHDFK D VHQVRU LV










DQG JHQRW\SLF FKDUDFWHULVWLFV )RU GLDJQRVWLFV RI LQWUDPDPPDU\ LQIHFWLRQ
FXOWXULQJRIEDFWHULDKDVEHHQXVHGIRUD ORQJ WLPHDQG WKHGHVFULSWLRQRI WKH
PHWKRGVDQGLQWHUSUHWDWLRQRIUHVXOWVDUHZHOOGHVFULEHGE\2OLYHU et al.
T3&5
4XDQWLWDWLYH SRO\PHUDVH FKDLQ UHDFWLRQ T3&5 LV D FXOWXUHLQGHSHQGHQW
WHFKQLTXHXVHGWRGHWHFWDQGTXDQWLI\VSHFLILFJHQHVLQDVDPSOH,WPRQLWRUVWKH




EHHQ DPSOLILHG7KH LQWHQVLW\RI WKH UHHPLWWHG OLJKWZLOO LQFUHDVHZLWKHYHU\
F\FOH LQ WKH 3&5 DQG WKH DEXQGDQFH RI'1$ LQ WKH RULJLQDO VDPSOH FDQ EH
FDOFXODWHGIURPWKHQXPEHURIF\FOHVQHHGHGWRUHDFKDVSHFLILHGOLJKWLQWHQVLW\
WKUHVKROG &WYDOXH $U\D et al.  )RU GLDJQRVWLFV RI LQWUDPDPPDU\






FXOWXUHLQGHSHQGHQW PHWKRG FRPPRQO\ XVHG WR LGHQWLI\ DQG FRPSDUH WKH






JHQHDQGSRO\PHUDVH LV UHVSRQVLEOH IRUPDNLQJD FRPSOLPHQWDU\FRS\RI WKH
JHQH3ULPHUVFDQFRQWDLQDGGLWLRQDOQXFOHRWLGHVPDNLQJWKHSURGXFHGDPSOLFRQ
ORQJHU WKDQ WKH JHQH 7KH DGGLWLRQDO QXFOHRWLGHV DUH GHVLJQHG WR IXQFWLRQ DV




EHIRUH WKH VHTXHQFLQJ FRPPHQFHV 'XULQJ VHTXHQFLQJ IOXRUHVFHQW ODEHOOHG
QXFOHRWLGHVDUHLQFRUSRUDWHGDQGUHFRUGHG$IWHUVHTXHQFLQJWKHGDWDLVTXDOLW\
FRQWUROOHG DQG ORZTXDOLW\ UHDGV DQG3&5 DUWHIDFWV FKLPHULF VHTXHQFHV DUH
UHPRYHG)XUWKHU VHTXHQFHVZLWKKLJKKRPRORJ\ DUHJURXSHG WRJHWKHU LQ DQ
278RU$69WDEOHWKDWLVPDWFKHGDJDLQVWH[LVWLQJVHTXHQFHVIURPEDFWHULD7KH
ILQDO UHVXOW LVD OLVWZLWK WKHEDFWHULDGLVFRYHUHGDQGWKHLU UHODWLYHDEXQGDQFH










ULERVRPDO SURWHLQV DQG ULERVRPDO 51$ U51$ 7KH UROH RI U51$ LQ WKH
ULERVRPHLVWRJLYHVWUXFWXUHDQGWRDFWDVVFDIIROGLQJIRUULERVRPDOSURWHLQV$V
SURWHLQ V\QWKHVLV LV HVVHQWLDO IRU WKH OLYLQJ FHOO WKH UDWH RI HYROXWLRQ DQG
PXWDWLRQV LQ WKH ULERVRPH LV ORZ 7KH 6 U51$ LV HQFRGHG RQ D JHQH
DSSUR[LPDWHO\  EDVH SDLUV ORQJ WKDW FRQVLVWV RI HLJKW KLJKO\ FRQVHUYHG








DQG KRVW QXPHURXV LPPXQH FHOOV DUH SUHVHQW DQG VWUDWHJLHV WR EDODQFH WKH
LQWHUDFWLRQVKDYHEHHQGHYHORSHG7KHVWUDWHJLHVIRUFRLQKDELWDWLRQYDU\ZLWK
ERG\VLWH7KHXSSHUUHVSLUDWRU\WUDFWFRQWLQXRXVO\SURGXFHVPXFXVWKDWFDSWXUHV




FHUYL[ DQG XWHUXV 7KH FHUYL[ DFWV DV D EDUULHU WR WKH XWHUXV LW KDV D VPDOO
GLDPHWHUDQGDQHSLWKHOLXPWKDWFKDQJHVIURPVWUDWLILHGVTXDPRXVRQWKHYDJLQDO
VLGH WR VLQJOHFROXPQDUZLWKQXPHURXVPXFXVJODQGVRQ WKHXWHUXV VLGH7KH








LQ YDULRXV KDELWDWV ZDV VSXUUHG ,Q  WKH 86$ ODXQFKHG WKH +XPDQ
0LFURELRPH3URMHFWDKXJHSURMHFWZLWKWKHDLPRIXQGHUVWDQGLQJWKHPLFURELDO
IORUDLQYROYHGLQKHDOWKDQGGLVHDVH7XUQEDXJK et al.,QWKH(8
ODXQFKHG D VLPLODU SURJUDP FDOOHG 0HWD +,7 'XVNR (KUOLFK 	 0HWD+,7
FRQVRUWLXP'XULQJWKHVDPHSHULRGWKHHQWKXVLDVPWRVWXG\EDFWHULDLQ
PLON ZLWK QHZ WHFKQLTXHV HYROYHG 7KH ILUVW SXEOLFDWLRQV UHSRUWLQJ RQ D
PLFURELRWDLQERYLQHPLONXVLQJ'1$VHTXHQFLQJZHUHSXEOLVKHGLQDQG
.XHKQ et al.%KDWW et al.2LNRQRPRX et al.6LQFH
WKHQ WKHUH KDYH EHHQ VHYHUDO SXEOLFDWLRQV XVLQJ '1$ VHTXHQFLQJ DQG
DVVRFLDWLQJWKHERYLQHPLONPLFURELRWDWR6&&2LNRQRPRX et al.LQWUD
PDPPDU\LQIHFWLRQ*DQGD et al.*DQGD et al.KLVWRU\RILQWUD
PDPPDU\ LQIHFWLRQ )DOHQWLQ et al.  DQG EHGGLQJ W\SH 0HW]JHU et al.
 WR PHQWLRQ D IHZ $ OLVW RI DYDLODEOH SXEOLFDWLRQV ZKHUH VHTXHQFLQJ
WHFKQLTXHV KDYH EHHQ XVHG WR VWXG\ WKH ERYLQH PLON PLFURELRWD LQ VDPSOHV
FROOHFWHG IURP WKH XGGHU LV SUHVHQWHG LQ 7DEOH  /DWWHUO\ GRXEW DERXW WKH
SUHVHQFHRIDPLFURELRWD LQPLONKDVEHHQH[SUHVVHGE\5DLQDUGZKR






DQG KRZ LW LQRFXODWHV WKH LQWHVWLQHV RI WKH RIIVSULQJ ,W KDV EHHQ VKRZQ WKDW





LQKLELWV WKHJURZWKRI WKHNQRZQSDWKRJHQStaphylococcus aureus KDYHEHHQ
LVRODWHGIURPKXPDQPLON+HLNNLOD	6DULV)XUWKHURUDOLQWDNHRIODFWLF








WR WKH WKHRU\RIDPLFURELRWD LQPLONDQG LWKDVEHHQH[SORUHGLQKXPDQV DV
PHQWLRQHGPLFHDQGGDLU\FRZV3HUH] et al.DQGGH$QGUHV et al.




$EUHDVWIHGKXPDQ LQIDQWZLOO OLNHO\ LQJHVW EDFWHULDSUHVHQWRQ WKH VNLQ DQG








$ FRPPRQO\ XVHG DUJXPHQW DJDLQVW WKH SUHVHQFH RI D PLFURELRWD LQ WKH
ERYLQH PDPPDU\ JODQG LV EDVHG RQ WKH DQDWRPLFDO VWUXFWXUH ZLWKLQ WKH
PDPPDU\ JODQG 5DLQDUG  7KH PDPPDU\ JODQG HSLWKHOLXP LV QRW









Table 1 /LVW RI SXEOLFDWLRQV H[SORULQJ WKH ERYLQH XGGHU PLON PLFURELRWD XVLQJ 6 U51$
VHTXHQFLQJPHWKRGV
$XWKRU <HDU -RXUQDO 7LWOH
















<RXQJet al.  3HHU- 7UDQVIHURILQWHVWLQDOEDFWHULDOFRPSRQHQWVWR
PDPPDU\VHFUHWLRQVLQWKHFRZ



























































/LPDet al.  3/R62QH (YDOXDWLRQRIPLONVDPSOHIUDFWLRQVIRU
FKDUDFWHUL]DWLRQRIPLONPLFURELRWDIURPKHDOWK\
DQGFOLQLFDOPDVWLWLVFRZV














'DKOEHUJet al.  3/R62QH 0LFURELRWDGDWDIURPORZELRPDVVPLONVDPSOHVLV
PDUNHGO\DIIHFWHGE\ODERUDWRU\DQGUHDJHQW
FRQWDPLQDWLRQ
6DYLQet al.  3/R62QH )DHFDOLEDFWHULXPGLYHUVLW\LQGDLU\FRZPLON












7KH RYHUDOO DLP RI WKLV WKHVLV ZDV WR HYDOXDWH WKH SUHVHQFH RI D EDFWHULDO
FRPPXQLW\LQPLONIURPFOLQLFDOO\KHDOWK\ODFWDWLQJGDLU\FRZVDQGWRGHVFULEH
IDFWRUVWKDWDIIHFWWKHEDFWHULDOFRPPXQLW\6SHFLILFDLPVZHUH
¾ 7RHYDOXDWH WKH HIIHFW RI VDPSOLQJ WHFKQLTXH DQGPLON IUDFWLRQRQERYLQH
PLONPLFURELRWDGDWDDQGWRFRPSDUHWKHPLFURELRWDLQPLONWRPLFURELRWDRQ
WKHWHDWHQGDQGLQWKHWHDWFDQDO


















LQ FRPSRVLWH PLON ZKLFK LV WKH SRROHG PLON IURP DOO TXDUWHUV ZDV EHORZ
FHOOVPOIRUVL[WRHLJKWZHHNVLQVHOHFWHGDQLPDOVEHIRUHWKHRQVHWRI
WKHH[SHULPHQWLQSDSHUV,DQG,,7KHDQLPDOVLQSDSHU,,,KDGDQ6&&EHORZ
 FHOOVPO LQ WKH VHOHFWHG XGGHU TXDUWHU EHIRUH WKH LQWHUYHQWLRQ $W WKH
UHVHDUFKKHUGWKHFRZVZHUHNHSWLQDORRVHKRXVLQJV\VWHPDQGIHGDVWDQGDUG
GLHW ZLWK ad libitum VLODJH DQG LQGLYLGXDO FRQFHQWUDWH UDWLRQV WR PHHW WKH
FDOFXODWHGQXWULHQWUHTXLUHPHQWVIRUWKHLULQGLYLGXDOPLONSURGXFWLRQ7KHFRZV







,Q WKH DQLPDO H[SHULPHQW IRU SDSHU , DOO VDPSOHVZHUH FROOHFWHG GXULQJ RQH
PLONLQJ XVLQJ D PLONLQJ PDFKLQH GHYHORSHG IRU H[SHULPHQWDO PLONLQJV WKDW
DOORZVTXDUWHUOHYHOPLONLQJDQGVHSDUDWLRQRIPLONIURPWKHGLIIHUHQWTXDUWHUV
)LYH FRZV ZHUH LQFOXGHG DQG VDPSOHV ZHUH WDNHQ IURP DOO XGGHU TXDUWHUV




PLON VDPSOHV WDNHQ WKURXJK D WHDW FDQDO FDQQXOD $IWHU PLONLQJ FRZV ZHUH































WUDQVSRUWHG WR WKH ODERUDWRU\ ZKHUH WKH\ZHUH EURXJKW WR URRP WHPSHUDWXUH
PL[HG DQG DOLTXRWHG 2QH DOLTXRW ZDV XVHG IRU EDFWHULDO FXOWXULQJ DQG 6&&
PHDVXUHPHQW WKH RWKHU DOLTXRWV ZHUH NHSW LQ & FRQGLWLRQV XQWLO '1$
H[WUDFWLRQ2QO\VWHULOHHTXLSPHQWZDVXVHGLQFRQWDFWZLWKWKHVDPSOHV
%DFWHULDOFXOWXULQJZDVSHUIRUPHGRQDOOPLONVDPSOHVFROOHFWHGH[FHSWIURP














W\SHV RI H[WUDFWLRQ NLWV EXW IURP GLIIHUHQW SURYLGHUV DQG ZLWK GLIIHUHQW
PRGLILFDWLRQVWRWKHSURWRFRO,QSDSHU,DPRGLILHGYHUVLRQRI4,$DPS'1$
0LQL.LWIURP4LDJHQZDVXVHGZLWKPHFKDQLFDODQGHQ]\PDWLFO\VLVRIWKHFHOO








7KHYDULDEOH UHJLRQVDPSOLILHGDQGVHTXHQFHGZHUH99 LQSDSHU ,DQG
99LQSDSHUV,,DQG,,,6HTXHQFLQJZDVSHUIRUPHGRQDQ,OOXPLQD0L6HT
VHTXHQFHUZLWK Y FKHPLVWU\ LQ DOO VWXGLHV 7KUHH GLIIHUHQW ODERUDWRULHVZHUH






RI EDFWHULD ZHUH LQFOXGHG DV SRVLWLYH FRQWUROV LQ WKH VHTXHQFLQJ 7KH PRFN
FRPPXQLW\ ZDV FUHDWHG IURP ILYH FRPPRQO\ RFFXUULQJ PDVWLWLV FDXVLQJ
SDWKRJHQV ZLWK GLIIHUHQW FKDUDFWHULVWLFV UHJDUGLQJ VL]H *UDPVWDLQLQJ DQG
QXPEHU RI 6 U51$ JHQH FRSLHV %DFWHULDO QXPEHUV ZHUH GHWHUPLQHG E\
PDQXDOFRXQWLQJXVLQJD%UNHUFRXQWLQJFKDPEHU7KHPRFNFRPPXQLW\ZDV
SUHSDUHGZLWKHTXDOQXPEHUVRIFHOOVLQWKUHHGLIIHUHQWGLOXWLRQVDQG
 FHOOV RI HDFK EDFWHULDO VSHFLHV SHU PO ,Q SDSHU ,,, DQ DGGLWLRQDO
FRPPHUFLDOO\DYDLODEOH'1$EDVHGPRFNFRPPXQLW\ZDVLQFOXGHG











'DWD VHWV ZLWK EDFWHULDO WD[RQRP\ DVVLJQHG WR JHQXV OHYHO RU ORZHVW
WD[RQRP\OHYHOSRVVLEOHZHUHXVHGIRUDOOIXUWKHUDQDO\VHV'HVFULSWLYHDQDO\VHV
RQ WD[RQRP\ GDWD VWDWLVWLFDO FDOFXODWLRQV GDWD ILOWUDWLRQ DQG PXOWLYDULDWH
DQDO\VHVZHUHSHUIRUPHGXVLQJ0LFURVRIW([FHO3$67+DPPHU et al.
DQG55&RUH7HDPLQSDSHUV,,,,














PLON FROOHFWHG XVLQJ DPLONLQJPDFKLQH GLIIHUHG LQ LWV FRPSRVLWLRQ IURP WKH
PLFURELRWD LQPLONFROOHFWHGGLUHFWO\ IURP WKHXGGHUTXDUWHU:HGHWHFWHGQR
GLIIHUHQFHV LQ WKH PLON PLFURELRWD FRPSRVLWLRQ EHWZHHQ KDQG VWULSSHG PLON
VDPSOHV DQGPLON VDPSOHV WDNHQ WKURXJK D WHDW FDQDO FDQQXOD EHIRUH RU DIWHU
PLONLQJQRUEHWZHHQPLONVDPSOHVWDNHQDVDWUDQVWHDWZDOOQHHGOHDVSLUDWHDIWHU
PLONLQJ%DFWHULDEHORQJLQJWRWKHJHQHUDStenotrophomonasDQGPseudomonas
ZHUH VLJQLILFDQWO\ PRUH DEXQGDQW LQ XGGHU TXDUWHU FRPSRVLWH PLON VDPSOHV
FRPSDUHG WRPLON VDPSOHVFROOHFWHGGLUHFWO\ IURP WKHXGGHUTXDUWHURU VZDE
VDPSOHV IURP WKH WHDW HQG DQG WHDW FDQDO %DFWHULD RI WKH JHQXVDyella ZDV
VLJQLILFDQWO\PRUHDEXQGDQWLQPLONVDPSOHVFROOHFWHGGLUHFWO\IURPWKHXGGHU
TXDUWHUFRPSDUHGWRVZDEVDPSOHVFROOHFWHGIURPWKHWHDWHQGDQGWHDWFDQDORU













PLFURELRWD ZDV KDPSHUHG E\ EDFNJURXQG FRQWDPLQDWLRQ GHVSLWH FDUHIXO DQG
DVHSWLF VDPSOH SURFHVVLQJ7KHSULPDU\ FRQWDPLQDQWMethylobacterium, ZDV
IRXQGLQDOOVDPSOHVDQGKDGDVWURQJHIIHFWRQWKHGDWD7KHDPRXQWRIEDFWHULDO
JURZWK LQPLON VDPSOHVZDV XWLOLVHG IRUPHWKRG HYDOXDWLRQ:HREVHUYHG DQ
LQFUHDVLQJ LPSDFW RI FRQWDPLQDWLRQ ZLWK GHFUHDVLQJ PLFURELDO ELRPDVV
LOOXVWUDWHGLQ)LJXUH7KHFRQWDPLQDWLQJWD[DEHFDPHGRPLQDQWLQVDPSOHVZLWK
OHVV WKDQ  EDFWHULDO FHOOV SHU PO ,GHQWLILFDWLRQ RI FRQWDPLQDQWV DQG GDWD
ILOWUDWLRQ GHFUHDVHG WKH QXPEHU RI DYDLODEOH UHDGV E\  EXW RQO\ DPLQRU
LPSDFW RQ QXPEHU RI LGHQWLILHG WD[D ZDV REVHUYHG $IWHU GDWD ILOWUDWLRQ
FRQVHFXWLYHO\WDNHQVDPSOHVKDGDODUJHUVLPLODULW\WKDQUDQGRPFRPSDULVRQV




PLON VDPSOHV IURPSDSHU ,,7KHPLON VDPSOHVDUHJURXSHGE\QXPEHURIFRORQ\ IRUPLQJXQLWV
FIXZKHUHPRUHFIXVLQGLFDWHKLJKHUEDFWHULDOELRPDVV
3DSHU,,,
E. coli HQGRWR[LQLQIXVHG FRZV UHVSRQGHG ZLWK WUDQVLHQW FOLQLFDO VLJQV RI
LQIODPPDWLRQDQGLQFUHDVHG6&&ZKLOHQRUHVSRQVHZDVREVHUYHGLQWKHFRQWURO
FRZV,QWKHVHTXHQFHGQHJDWLYHEODQNFRQWUROVDGLYHUVHEDFWHULDOFRPPXQLW\
FRQVLVWLQJ RI  GLIIHUHQW EDFWHULDO WD[D ZDV LGHQWLILHG 7KHUH ZDV D ODUJH
RYHUODS RI EDFWHULDO WD[D LGHQWLILHG LQ WKH QHJDWLYH FRQWUROV DQG LQ WKH PLON
VDPSOHV 7KH REVHUYHG LQFUHDVHG LPSDFW RI FRQWDPLQDWLRQ ZLWK GHFUHDVHG





GLYHUVLW\ LOOXVWUDWHG LQ )LJXUH  $ ODUJH SURSRUWLRQ RI WKH VHTXHQFLQJ GDWD
GHSHQGLQJRQWKHPRGHOXVHGZDVFODVVLILHGDVFRQWDPLQDWLRQ'DWD
ILOWUDWLRQZDVXVHGWRFOHDUWKHGDWDIURPFRQWDPLQDWLRQKRZHYHUQRQHRIWKH
PRGHOV JHQHUDWHG UHVXOWV WKDW ZHUH DVVRFLDWHG ZLWK WKH GHJUHH RI WKH
LQIODPPDWRU\UHDFWLRQ$IWHUGDWDILOWUDWLRQVHYHUDOVDPSOHVFROOHFWHGGXULQJWKH
ILUVWKRXUVDIWHU/36LQIXVLRQFOXVWHUHGVHSDUDWHO\WKLVHIIHFWZDVDWODUJHGXHWR
WKH SUHVHQFH RI WKH JHQXV Stenotrophomonas 7KH JHQXV Stenotrophomonas,




 7KH UHVXOWV LQGLFDWH WKDW EDFWHULDO WD[D RI XQNQRZQ RULJLQ FRQVWLWXWH D
PDMRUSDUWRIWKHGDWDSUHYHQWLQJWKHHIIHFWRIWKHLQWHUYHQWLRQWREHHYDOXDWHG





The effect of contamination on milk microbiota data 
&RQWDPLQDWLRQFDQEHDVLJQLILFDQWSUREOHPLQVWXGLHVRIPLFURELRWDHVSHFLDOO\
ZKHQWKHEDFWHULDOELRPDVVLVORZ*ODVVLQJ et al.6DOWHU et al.7KH
UHVXOWV LQ SDSHUV ,, DQG ,,, VKRZ WKDW FRQWDPLQDWLRQ FDQEH D ELJSUREOHP LQ







YDULRXV HQYLURQPHQWV )RU H[DPSOH LQFOXVLRQ RI FRQWUROV KDYH UHVXOWHG LQ
SXEOLFDWLRQVWKDWGLVPLVVWKHSUHVHQFHRIDPLFURELRWDLQWKHKXPDQSODFHQWDGH
*RIIDX et al.  /DXGHU et al.  0HWKRGV WR LGHQWLI\ DQG ILOWHU
FRQWDPLQDWLRQKDYHEHHQGHYHORSHGDQGHYDOXDWHG.DUVWHQV et al.'DYLV








EHWZHHQ GLIIHUHQW VHTXHQFLQJ UXQV ZDV IRXQG WR EH  EDVHG RQ 'LFH
VLPLODULW\LQGH[,QWHUHVWLQJO\WKHVLPLODULW\EHWZHHQQHJDWLYHFRQWUROVLQSDSHU







$IWHU ILOWUDWLRQGDWDZDV UHDQDO\VHGZLWK WKHSXUSRVHRI ILQGLQJELRORJLFDOO\
UHOHYDQWUHVXOWVWKDWZHUHFRPSDUDEOHZLWKSUHYLRXVO\SXEOLVKHGVWXGLHV,QSDSHU
,, WKH LQFUHDVHG VLPLODULW\ EHWZHHQ FRQVHFXWLYHO\ WDNHQ VDPSOHV WKDW ZDV
REVHUYHGDIWHUGDWDILOWUDWLRQZDVFRPSDUDEOHZLWKSUHYLRXVO\SXEOLVKHGUHVXOWV
'HUDNKVKDQL et al.DQGDSSDUHQWO\ LPSURYHGWKHGDWDVHW ,QSDSHU,,,
GDWD ILOWUDWLRQ GLG QRW OHDG WR UHVXOWV WKDW ZHUH LQ OLQH ZLWK WKH JUDGXDO
GHYHORSPHQWRIWKHLQIODPPDWRU\UHDFWLRQQRUH[SHFWHGFRPSDUHGWRSUHYLRXV
SXEOLFDWLRQV *DQGD et al.  *DQGD et al. :KHWKHU WKH GLIIHUHQW
UHVXOWVRIGDWD ILOWUDWLRQ LQSDSHUV ,,DQG ,,,ZHUHGXH WRD OLPLWDWLRQV LQ WKH
PHWKRG WR LGHQWLI\ FRQWDPLQDWLRQ RU E WKH SDWWHUQ RI FRQWDPLQDWLRQ UHTXLUHV
IXUWKHULQYHVWLJDWLRQ
'HWHUPLQLQJ WKHRULJLQRI FRQWDPLQDWLRQ LQPLON VDPSOHV FDQEHGLIILFXOW
5REHUWV  ZDV WKH ILUVW WR VKRZ WKDW PLON VDPSOHV FDQ HDVLO\ EH
FRQWDPLQDWHG DW VDPSOLQJ ,Q  6DOWHU et al  VKRZHG WKDW WKH
FRQWDPLQDWLRQFDQEH LQWURGXFHGGXULQJVDPSOHSUHSDUDWLRQDQGSDWWHUQVYDU\
EHWZHHQGLIIHUHQW'1$H[WUDFWLRQNLWV,QSDSHU,,MethylobacteriumZDVIRXQG




7KLV SDWWHUQ RI DSSHDUDQFH ZRXOG EH H[SHFWHG IURP D FRQWDPLQDQW WKDW ZDV
LQIXVHGWRJHWKHUZLWKWKHHQGRWR[LQ)XUWKHULQSDSHU,StenotrophomonasZDV
PRUHDEXQGDQWLQPLONVDPSOHVFROOHFWHGIURPWKHPLONLQJPDFKLQH%DVHGRQ





GZHOOLQJ EDFWHULD LQ PLON ZDV KLJKO\ VXUSULVLQJ 8QWLO WKH SUHVHQFH FDQ EH
FRQILUPHG ZLWK RWKHU PHWKRGV LW FDQQRW EH H[FOXGHG WKDW WKH Dyella LV D
FRQWDPLQDQW
Evaluation of sampling technique and milk fraction  
6WXGLHV RQ KRZ VDPSOLQJ WHFKQLTXH DIIHFWV WKH PLFURELRWD LQ PLON DUH UDUH
DOWKRXJK WKHVXEMHFWKDVUHFHLYHGDWWHQWLRQ LQVWXGLHVDVVHVVLQJGLVFRYHULHVRI










WKH\ GLG QRW ILQG D GLIIHUHQFH LQ WKHPLFURELRWD EHWZHHQ XGGHU TXDUWHUPLON
VDPSOHV DQG JODQG FLVWHUQDO PLON $Q LPSRUWDQW GLIIHUHQFH LQ WKH VDPSOLQJ
SURWRFRO IRU WKH FRPSRVLWH PLON VDPSOH ZDV WKDW0HW]JHU HW DO  KDQG
VWULSSHGPLONDVHSWLFDOO\IURPHDFKTXDUWHUDQGSRROHGWKHPLONWRJHWDZKROH
XGGHUFRPSRVLWHVDPSOHZKLOHZHXVHGDVSHFLDOPLONLQJPDFKLQHWKDWDOORZHG
IRU TXDUWHU OHYHO PLONLQJ DQG FROOHFWLRQ RI DQ XGGHU TXDUWHU FRPSRVLWH PLON
VDPSOH 7KXV WKH VWXGLHV XVHG GLIIHUHQW W\SHV RI FRPSRVLWH PLON VDPSOH
1HYHUWKHOHVVERWKJURXSVIRXQGDGLIIHUHQFHEHWZHHQFRPSRVLWHPLONVDPSOHV
DQGVDPSOHVWDNHQIURPRQHTXDUWHU
Comparison of the microbiota in milk to the microbiota on the teat end and 
teat canal 
6WXGLHV RI WKH PLFURELRWD RQ WKH ERYLQH WHDW VNLQ RU WHDW FDQDO KDYH EHHQ




VDPSOHV ,Q FRQWUDVW WR RXU UHVXOWV WKH\ IRXQG D ODUJH RYHUODS EHWZHHQ WKH
PLFURELRWDRQWKHVNLQDQGLQWKHPLON$QLPSRUWDQWGLIIHUHQFHLQWKHVDPSOLQJ





WKHPLFURELRWD IRXQG LQPLON VDPSOHV DVHSWLFDOO\ FROOHFWHG GLUHFWO\ IURP WKH
XGGHUTXDUWHU0LONVDPSOLQJWHFKQLTXHVKDYHEHHQVKRZQWRDIIHFWILQGLQJVRI









WKH VDPH TXDUWHU KDYH EHHQ SHUIRUPHG SUHYLRXVO\ 'HUDNKVKDQL et al. 











Changes in milk microbiota during experimentally induced mastitis 
,Q SDSHU ,,, LQIXVLRQ RI E. coli HQGRWR[LQ ZDV XVHG WR VWXG\ WKH HIIHFWV RI






















IRU PLON VDPSOHV WDNHQ DVHSWLFDOO\ GLUHFWO\ IURP WKH XGGHU TXDUWHU E\ KDQG
VWULSSLQJRUWKURXJKDWHDWFDQDOFDQQXODEHIRUHRUDIWHUPLONLQJ+RZHYHUWKH
PLFURELRWD RQ WKH VNLQ RI WKH WHDW HQG DQG LQ WKH WHDW FDQDO GLIIHUHG LQ LWV
FRPSRVLWLRQ IURP WKHPLFURELRWD LQPLON 6LPLODUO\ WKHPLFURELRWD LQ XGGHU
TXDUWHU FRPSRVLWH PLON VDPSOHV GLIIHUHG IURP WKH PLFURELRWD IRXQG LQ PLON









REVHUYHG SRLQWLQJ RXW WKH LPSRUWDQFH RI DVVHVVLQJ WKH EDFWHULDO ELRPDVV LQ
VWXGLHVRIWKHPLFURELRWDLQPLON
7KH RYHUDOO FRQFOXVLRQ IURP WKH UHVXOWV SUHVHQWHG LQ WKLV WKHVLV LV WKDW
LQFOXVLRQRIFRQWUROVLVKLJKO\LPSRUWDQWZKHQDVVHVVLQJWKHPLFURELRWDLQPLON
&RQVLGHULQJWKHODUJHSURSRUWLRQRIFRQWDPLQDWLRQDQGORZVLPLODULW\EHWZHHQ
GXSOLFDWH VDPSOHVFRQFOXVLRQVDERXWD UHVLOLHQWPLFURELRWD LQPLONFDQQRWEH
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Background milk microbiota 
7KH WKHRU\ DERXW WKH HYROXWLRQDU\ EHQHILWV RI D EDFWHULDO FRPPXQLW\ D
PLFURELRWDDOZD\VSUHVHQWLQPLONLVLQEULHIDQGIUHHO\LQWHUSUHWHGDVIROORZV
7KH JXW PLFURELRWD LV HVVHQWLDO IRU WKH KHDOWK DQG ZHOOEHLQJ RI PDPPDOV




LQWHVWLQHV RI WKH RIIVSULQJ GXULQJ WKH FULWLFDO SKDVH RI JXW PLFURELRWD
HVWDEOLVKPHQWDQGEHEHQHILFLDOIRUWKHRIIVSULQJ
$GYDQFHV LQ PLFURELRORJ\ PDGH '1$ VHTXHQFLQJ FKHDSHU DQG PRUH
DYDLODEOH IRU VFLHQWLVWV LQ WKH HDUO\ VW FHQWXU\$W WKH VDPH WLPH WZR ODUJH
UHVHDUFKSURMHFWVZHUHLQLWLDWHGIURPWKH86$DQG(8ZLWKWKHDLPRILQFUHDVLQJ
















Aim with studies 
7KHRYHUDOODLPRIWKHVWXGLHVWKDWDUHSUHVHQWHGLQWKLVWKHVLVZDVWRHYDOXDWHWKH






























LQ WKH WHDW FDQDO DQG LQ WKH XGGHU TXDUWHU FRPSRVLWH PLON VDPSOHV GLIIHUHG
VLJQLILFDQWO\IURPWKHPLFURELRWDIRXQGLQPLONVDPSOHVFROOHFWHGGLUHFWO\IURP











EDFWHULD EHORQJLQJ WR WKH JHQXVDyella LQ SDSHU , LPSOLHV WKDW FRQWDPLQDWLRQ
FDQQRWEHH[FOXGHGDVDFRQWULEXWLQJIDFWRULQWKDWVWXG\









PLNURELRWD LPM|ON lU NRUW VDPPDQIDWWDW7DUPPLNURELRWDQ lU HVVHQWLHOO I|U
KlOVDRFKYlOPnHQGHKRVGlJJGMXUGHQXQGHUOlWWDUXSSWDJHWDYQlULQJVlPQHQ










DQYlQGHGH Q\D WHNQLNHUQD I|U DWW VWXGHUDPLNURELRWD L NRPM|ONSXEOLFHUDGHV
RFK6HGDQGHVVKDULQWUHVVHWRFKDQWDOHWSXEOLNDWLRQHU|NDW$UWLNODU
VRP EHVNULYHU PM|ONPLNURELRWDQV I|UlQGULQJ L I|UKnOODQGH WLOO FHOOWDO HQ
LQIODPPDWLRQVPDUN|U L PM|ON MXYHULQIODPPDWLRQ RFK NRUQDV PLOM| KDU WLOO
H[HPSHO SXEOLFHUDWV , HQ DY SXEOLNDWLRQHUQD VnJV I|UlQGULQJDU L
PM|ONPLNURELRWDQ RP NRQ KDIW MXYHULQIODPPDWLRQ WLGLJDUH L ODNWDWLRQHQ 3n
VHQDUH nU KDU I|UHNRPVWHQ DY HQ PM|ONPLNURELRWD LIUnJDVDWWV Sn JUXQG DY
DYVDNQDGHQ DY |YHUHQVWlPPHOVH PRW WLGLJDUH NXQVNDSHU RFK DUWLNODU VRP
XWWU\FNHU VYnULJKHWHU PHG WURYlUGLJD UHVXOWDW KDU SXEOLFHUDWV $UJXPHQW VRP
DQYlQGVHPRWI|UHNRPVWHQDYHQPLNURELRWDLPM|ONlUDWWNRUEHILQQHUVLJLHQ
EDNWHULHULNPLOM|RFKDWWGHWlUVYnUWDWWWDSURYHUVRPLQWHEOLUNRQWDPLQHUDGHL





Syftet med studierna  
'HW|YHUJULSDQGHPnOHWPHGVWXGLHUQDVRPSUHVHQWHUDVLGHQQDDYKDQGOLQJYDU
DWWXWYlUGHUDRPGHWILQQVHQPLNURELRWDLPM|ONIUnQIULVNDODNWHUDQGHNRURFK
EHVNULYD IDNWRUHU VRP L Vn IDOO SnYHUNDU PM|ONPLNURELRWDQ  'H VSHFLILND
GHOPnOHQYDUDWWXWYlUGHUDHIIHNWHQDYSURYWDJQLQJVWHNQLNRFKPM|ONIUDNWLRQ
SnPM|ONPLNURELRWDQRFKMlPI|UDPM|ONPLNURELRWDQPRWPLNURELRWDQSnKXGHQ
Sn VSHQVSHWVHQ RFK L VSHQNDQDOHQ  DWW EHVNULYD PM|ONPLNURELRWDQV
VDPPDQVlWWQLQJRFKI|UlQGULQJ|YHUWLGKRVIULVNDODNWHUDQGHNRUDWWEHVNULYD
I|UlQGULQJDU L PM|ONPLNURELRWDQ L VDPEDQG PHG H[SHULPHQWHOOW IUDPNDOODG




DWW XQGHUV|ND GHW I|UVWD GHOPnOHW JHQRPI|UGHV HQ VWXGLH Sn IHP NRU GlU
PM|ONSURYHU WRJV PHG ROLND WHNQLNHU IUnQ HQ RFK VDPPD MXYHUGHO XQGHU HQ
PM|ONQLQJ0M|ONSURYHUWRJVVRPKDQGPM|ONDGHSURYRFKPHGHQNDWHWHULQI|UG
LVSHQNDQDOHQI|UHRFKHIWHUPM|ONQLQJ9LGDUHWRJVVYDEESURYIUnQVSHQVSHWVHQV
KXG RFK IUnQ VSHQNDQDOHQ I|UH PM|ONQLQJ (WW PM|ONSURY WRJV JHQRP
VSHQNDQDOVYlJJHQHIWHUPM|ONQLQJRFKHWW VDPSOLQJVSURY WRJV IUnQGHQPM|ON
VRPVDPSODWVXSSLPM|ONPDVNLQHQ)|UDWWXQGHUV|NDGHOPnOJHQRPI|UGHVHQ
VWXGLH GlUPM|ONSURY WRJV IUnQ  IULVND NRU WYn JnQJHU SHU YHFND XQGHU I\UD
YHFNRU L VDPEDQG PHG PM|ONQLQJ )|U DWW XQGHUV|ND GHOPnO  IUDPNDOODGHV
MXYHULQIODPPDWLRQPHGKMlOSDYEDNWHULHOOWHQGRWR[LQLIULVNDNRUOLNDPnQJD
GMXUYDULQNOXGHUDGHVRPNRQWUROORFKILFNLVWlOOHWNRNVDOWO|VQLQJ8QGHUV|NQLQJ
DY FHOOWDOHW RFK EDNWHULHYl[WHQ LQNOXGHUDGHV L DOOD VWXGLHUQD 0LNURELRWDQ L
SURYHUQDXQGHUV|NWHVJHQRPVHNYHQVHULQJDYGHODUDY6U51$JHQHQ)|UDWW
XQGHUV|NDGHOPnOLQNOXGHUDGHVEODQNDNRQWUROOHURFKNRQWUROOHUPHGHQNlQG
EDNWHULHIORUD L VHNYHQVHULQJHQ L GHOVWXGLH ,, RFK ,,, .RQWDPLQDWLRQHU
LGHQWLILHUDGHV RFK GDWDILOWUHULQJ DQYlQGHV I|U DWW XQGHUV|ND HIIHNWHQ Sn
PLNURELRWDGDWD
Resultat























ZLWK DOO WKH SHUVRQQHO LV JUDWHIXOO\ DFNQRZOHGJHG )LQDQFLDO VXSSRUW ZDV
SURYLGHG E\ WKH )RUPDV D 6ZHGLVK UHVHDUFK FRXQFLO IRU VXVWDLQDEOH
GHYHORSPHQWDQG2ORI&ODHVVRQIXQG
2YHU WKHVH\HDUV DQXPEHURISHRSOHKDYHFRQWULEXWHG WR WKHPDNLQJRI WKLV
WKHVLVDQGWRP\OLIH,ZRXOGOLNHWRWKDQN\RXDOOLQSDUWLFXODU,ZRXOGOLNHWR
DFNQRZOHGJH
0\ VXSHUYLVRUV 6LJULG $JHQlV -RKDQ 'LFNVYHG.DULQ 3HUVVRQ :DOOHU






















&DUO)UHGULN DQG*XQQDU IRU LQYLWLQJ DQG LQYROYLQJPH LQ \RXU SURMHFW RQ
PDVWLWLV
'DLDQDIRULQYROYLQJPHLQ\RXUSURMHFWVRQFRZDQGFDOIEUXVKLQJ
0\ FROOHDJXHV DW WKH $PEXODWRU\ &OLQLF+nNDQ$QGHUV$QQ(YD$QQ
0DULH,QJD-HQQ\/DNLDQG7KHR,WLVDSXUHSOHDVXUHWREHZRUNLQJZLWK
\RXP\VXPPHUVZRXOGEHPXFKPRUHERULQJLILWZDVRQO\YDFDWLRQ0\ERVVHV












/HQD IRU WKH WLPH WKDW LV DQG WKH FKDSWHU WKDW KDV MXVW VWDUWHG5HQRYDWLQJ D
EDWKURRPPRYLQJDQGZULWLQJDWKHVLVPLJKWQRWKDYHEHHQRSWLPDOEXWOLIHLV
OLIHDQG,¶PWKULOOHGWKDW\RX¶UHDSDUWRIP\OLIH

/DVWEXWQRWWKHOHDVW;DYLHUDQG,QJULG1RWKLQJEULQJVPRUHGHOLJKWWRP\OLIH
WKDQ\RX-HYRXVDLPHUDLWRXMRXUVODQXLWFRPPHOHMRXU(WWDQWTXHMHYLYUDL
YRXVVHUH]PHVEpEpV
